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This paper analyses the effects of off-balance sheet (OBS) activities and various types of risks on the cost
and profit efficiencies of banks in seven East Asian countries between 2001 and 2008. Cost and profit
efficiency scores are estimated using the data envelopment analysis approach. The results of this analysis
are then used to identify the impact of OBS activities and risk exposures on cost and profit efficiencies using
a Tobit regression. Bank insolvency risk (as measured by z-scores) is positively related to profit efficiency,
while interest sensitivity, size, equity to total assets and OBS exposures all impact on cost efficiency. The
analysis of the impact of input and output slacks illustrates that in around 1 in 5 cases banks’cost efficiency
can be improved by adjusting the former variables, whereas in only around 1 in 100 cases a similar outcome
is possible for profit efficiency.
Keywords: bank efficiency; other depository institutions; micro finance institutions; mortgages; model
construction and estimation; government policy and regulation
Introduction
The globalization and liberalization witnessed by the financial sector in recent years have increased
the levels of competition amongst the leading banks of the world (de Guevara and Maudos 2011),
although in some countries the evidence points to a more complex picture (Vickers 2011). This
change has in turn led to improvements in banks’ efficiency levels as they endeavour to survive
and prosper in the new environment (Chiu and Chen 2009). However, the increase in competitive
pressures has quickened the reallocation of charter value across banks, creating incentives for
(potentially risky) diversification away from traditional banking activities (Matthews, Murinde,
and Zhao 2007; Murinde and Zhao 2009). For example, banks have engaged in a greater use of
off-balance sheet (OBS) activities, whilst regulatory and technological advances have facilitated
the development of a wide range of products and services that lead directly to an increase in the
share of non-interest income in profits (Lepetit et al. 2008; Papanikolaou 2009).
As Hughes, Mester, and Moon (2001) note, the inherent nature of diversification suggests that
it will create additional risk for banking institutions, leading in turn to an increase in the amount
of managerial time devoted to its monitoring. Similarly, Stiroh and Rumble (2006) argue that
diversification may result in higher costs for banks because of increased exposure to (volatile)
non-interest income activities that is not offset by increases in risk-adjusted profits. This line of
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reasoning is supported by DeYoung and Roland (2001) and Morgan and Samolyk (2003), who
find that diversification results in both greater revenue volatility and higher risk.
The recent subprime crisis indicated that banks’ diversification into non-interest income and
other OBS activities – coupled with poor risk management – can lead to the failure of major
financial institutions (Goodhart 2008). However, the use of OBS activities and non-interest income
activities had been noted in advance of the crisis; for example, DeYoung and Roland (2001)
illustrate that increases in the extent of banks’ OBS activities generates higher risk exposure
as the income from these activities is subject to large variability. However, the attraction of
such strategies for banks lies in this very characteristic, that is, the flexibility associated with
alternative income sources relative to returns on (locked-in) long-term lending (Lepetit et al.
2008). The flexibility itself stems from the tendency of bank regulators to impose relatively relaxed
requirements regarding the holding of capital to offset involvement in OBS activities, despite the
greater earnings volatility and increases in financial leverage that are likely to result (DeYoung
and Roland 2001). In this context, Shrieves and Dahl (1992), Rime (2001) and Altunbas et al.
(2007) have all questioned whether the capital requirements imposed by the 1988 Basel Accord
should still hold as the evolvement of financial innovation has made the risk weightings specified
therein less meaningful.
Even though the direct effect of the subprime crisis was not as overwhelming in developing
countries as in the richest nations of the world, banks in emerging markets experienced contractions
in credit lines and reductions in financial flows as a knock-on consequence (Griffiths-Jones and
Ocampo 2009). Moreover, as Laeven (1999) notes, research on bank efficiency in developing
countries, those in East Asia in particular, is relatively scarce, and this represents an obvious
concern given the impact of the financial crisis of the region in 1997. Certain banks proved much
more robust to the impact of the late 1990s’crash than did others, but the reasons for this variability
are yet to be fully established and the opportunity to learn lessons that might have proved useful in
the context of the more recent global difficulties was lost.1 The present study therefore undertakes
a detailed investigation of EastAsian banks’cost and profit efficiencies over the period 2001–2008
to shed light on the effect of OBS activities and various types of risks (credit risk, interest rate risk,
liquidity risk, insolvency risk, etc.) in the region in more recent times. Each of these measures of
risk is potentially important in the context of the significant impact of the Asian financial crisis
on banks in the region. The study window was deliberately chosen to incorporate the post-crisis
period and thereby investigate the extent to which these types of risks influenced bank efficiency
during this period. By focusing on the post-crisis period, this study permits a robust estimation
of the effects of risk and OBS items on banks’ performance, which can in turn be used to help
reduce the impact of future financial crises.
The present study provides a comprehensive analysis of the impact of East Asian banks’ diver-
sification on cost and profit efficiency levels. The existing literature focuses on the impact of credit
risk and liquidity risk on bank efficiency, generally on a pan-European or a single-country Asian
basis (e.g. Berger and DeYoung 1997; Kwan and Eisenbeis 1997; Altunbas et al. 2000; Williams
2004; Rao 2005; Chang and Chiu 2006; Altunbas et al. 2007; Pasiouras 2008; Murinde and Zhao
2009; Papanikolaou 2009; Fiordelisi, Marques-Ibanez, and Molyneux 2011). The present study
goes beyond the scope of previous analyses by including OBS activities, z-scores and the interest
sensitivity gap as measurements of diversification and risk factors across the East Asian region.
The results should be of interest to both banking authorities and investors in the region, especially
in the context of the re-accession of China into the World Trade Organization in 2001 and the
full enforcement of the ASEAN–China Free Trade Area (FTA) on 1 January 2010. This evidence
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considerable attention from the public and from foreign investors since the FTA came into force
(Tongzon 2005). Cross-country analysis is important according to Dietsch and Lozano-Vivas
(2000) as it enables the prediction of the effects of increases in cross-border competition as well
as the recognition that country-specific aspects of banking technology, environmental and regu-
latory conditions differ, with attendant variability in growth levels resulting. This study therefore
includes real gross domestic product (GDP) per capita as an independent variable to control for
differences in economic growth across countries.
To achieve the objectives of the study, we first estimate efficiency scores using slack variable-
based data envelopment analysis (DEA). The DEA results are then used in the second stage of
the research where we investigate the effect of OBS activities and risk exposures on cost and
profit efficiencies using a Tobit regression. Finally, we explore the improvements in efficiency
that can be achieved by adjusting the input and output slacks so as to eliminate the influence of
OBS activities and risk exposures.
The remainder of the paper is organized as follows. The following section reviews the literature
on bank diversification and efficiency. The third section discusses the methods and data employed
in the study before the fourth section outlines and discusses the empirical evidence. The final
section reviews the findings, setting out the main implications and limitations as well making
some suggestions for further work in the area.
Literature review
Diamond (1984) asserts that bank diversification contributes to a better financial intermediation
cost control while at the same time increasing asset quality (as measured by non-performing loan
proportion). Similarly, Berger and Ofek (1995) suggest that diversification in banking activities
results in value-enhancing effects through greater efficiency levels, higher returns and increased
debt capacity. These propositions are consistent with the earlier reasoning of Weston (1970), who
argues that diversification-related efficiency gains can be achieved via better resource allocations
in improved internal capital markets.
Notwithstanding the above arguments, Berger and Ofek (1995) also highlight the possibility
that diversification in the activities of financial institutions can result in value reduction via poor
investment decisions. In this context, moral hazard can lead managers of banks to take on risks that
are entirely borne by shareholders (Hellmann, Murdock, and Stiglitz 2000), resulting in higher cost
inefficiencies as well as a larger proportion of non-performing loans. DeYoung and Roland (2001)
suggest that diversification into non-interest income or OBS activities can adversely affect banks’
efficiency levels by disturbing revenue stability. Moreover, the involvement of banking institutions
in non-interest income activities might increase fixed costs, resulting in higher operational leverage
(DeYoung and Roland 2001); this could in turn result in bank runs, as witnessed in the recent
global financial crisis.
As awareness of the issues regarding bank diversification and risk has increased, academic
literature on institutional efficiency has developed accordingly (e.g. Berger and DeYoung 1997;
Kwan and Eisenbeis 1997; Altunbas et al. 2000; Williams 2004; Rao 2005; Chang and Chiu 2006;
Altunbas et al. 2007; Pasiouras 2008; Murinde and Zhao 2009; Papanikolaou 2009; Fiordelisi,
Marques-Ibanez, and Molyneux 2011). In particular, DeYoung and Roland (2001), Stiroh and
Rumble (2006) and Lepetit et al. (2008) find that earnings volatility rises when banks diversify
away from their traditional activities into non-interest income areas.
Investigations into the effect of risk exposures on bank efficiency have generated results that vary
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37 banks operating in the United Arab Emirates, Rao (2005) finds that liquidity risk is negatively
related to cost efficiency, with the latter having a positive impact on capitalization risk.2 This
result suggests that well-capitalized banks are relatively less risky and more cost efficient than
poorly capitalized banks, in turn supporting evidence reported in the study of Kwan and Eisenbeis
(1997), whereby growth in banks’market value is linked to falls in risk and increases in efficiency.
However, Rao (2005) fails to find any link between banks’ credit risk and cost efficiency levels;
this result conflicts with the evidence reported in many studies (e.g. Kwan and Eisenbeis 1997;
Fiordelisi, Marques-Ibanez, and Molyneux 2011) of a negative relationship between efficiency
and both loan quality and credit risk. The latter findings might in turn represent evidence of the
‘cost skimping’hypothesis suggested by Berger and DeYoung (1997), where cost savings in banks
reflect lower (costly) managerial monitoring of loan performance.
Many of the most detailed studies in the area of bank efficiency and risk positioning are Europe
based. Most of these investigations compare evidence across several countries, although Pasiouras
(2008) analyses Greek data from 2000 to 2004 and finds no sign of OBS activities impacting
upon bank efficiency. Altunbas et al. (2007) examine the relationship between risk, leverage and
efficiency levels in 15 Western European nations and report that inefficient banks tend to hold
relatively high levels of capital and operate with relatively low risk exposure. However, in a study
of 12 transitional Central and Eastern European countries, Yildirim and Philipatos (2007) find
evidence of higher efficiency levels in highly capitalized banks, with overall efficiency levels
being shown to be higher on the cost side than on the profit side. More recently, Papanikolaou
(2009) has examined the product mix and risk-taking behaviour of banks in the 27 countries of
the European Union from 2000 to 2007. The results reveal that cost and profit efficiencies are
negatively related to credit, liquidity, interest rate and insolvency risk, thereby supporting the
Middle East- and USA-based findings reported by Rao (2005) and Kwan and Eisenbeis (1997),
respectively. Using an alternative methodology, Koetter (2008) analyses the stability of German
banks’ efficiency rankings within a framework that allows for variation in risk preferences. The
evidence points to risk–return efficiency measures that differ significantly from conventional cost
and, to a greater extent, profit efficiency measures.
In an Asian context, research by Altunbas et al. (2000) employs a stochastic cost frontier anal-
ysis to investigate the Japanese banking industry and suggests that risk and quality variables
influence operational scale but not the cost efficiency levels. A more recent study by Chang and
Chiu (2006) employs a method similar to that adopted here, that is, DEA and Tobit regression, to
show that risk factors significantly affect efficiency levels amongst Taiwanese banks. In addition
to these more recent studies, several papers examine Asian bank performance in the pre-crisis
years of the 1980s and early 1990s. These include that of Leightner and Lovell (1998), which
uses linear programming techniques to show that Thai banks experienced high growth rates in
production during the years of 1990–1994; the authors argue that these high growth rates indicate
an unusual level of success of the banking system. Leightner (1999) uses the same methodol-
ogy to analyse the finance and securities companies of Thailand between 1990 and 1995; the
evidence reveals that although the finance and security companies enjoyed tremendous profitabil-
ity and rapid growth in these years, the firms were not fully efficient and profits could have
been increased by changing the output and/or input mix.3 Gilbert and Wilson (1998) use lin-
ear programming techniques to investigate the effects of privatization and deregulation on the
productivity of Korean banks over the years 1980–1994. The authors report that Korean banks
responded to privatization and deregulation by altering their mix of inputs and outputs, yielding
large changes in productivity.Also in Korea, Hao, Hunter, andYang (2001) use the stochastic fron-
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The evidence indicates that banks with faster growth rates, countrywide branch networks and
extensive usage of deposits in asset funding are most efficient. However, and notwithstanding
the variety in methodologies employed in these studies, Laeven (1999) argues that the prior lit-
erature in Asia fails to take proper account of the impact of risk-taking when assessing broader
bank performance and that, when this is done, the family- and company-owned institutions of
the region are shown to be high risk, prone to excessive credit growth and, as a result, major
restructuring.
A more general gap in the prior literature, relating particularly – but not exclusively – to the
Asian studies, is in regard to the impact of OBS exposures on banks’ efficiency levels. This issue
has not been fully assessed because most of the research treats such activities as a financial output
rather than as an independent variable that affects bank efficiency; in contrast, the present study
explicitly treats OBS exposures in the latter manner. In addition, the analysis of risk exposures
in the existing literature has failed to reach a consensus regarding the effect of risk on bank
efficiency – especially in terms of credit risk, capital risk and asset quality. This provides the
incentive for the detailed examination of the impact of risk factors in the present study. More
generally, this paper provides the most comprehensive analysis to date of the effect of OBS




This paper employs the slack-based measure of DEA to estimate banks’ efficiency scores. This
is a non-radial measure proposed by Tone (2002) to deal directly with input excesses and output
shortfalls. The bank (or ‘decision-making unit’ (DMU)) is said to be efficient with a value of unity
if, and only if, the DMU is on the frontier of the production possibility set with no input and
output slack. The estimated models for cost and profit efficiencies are illustrated by




λjxij ≤ θxio i = 1, 2, . . . , m,
n∑
j=1




λj ≥ 0 j = 1, 2, . . . , n, (1)
where DMU0 is one of the n DMUs under evaluation; xio and yro are the ith input and rth output
for DMU0, respectively; and λj represents the unknown weights, where j represents the number
of DMUs.
The optimal value of θ∗ represents the distance from the sector to the efficient frontier. Therefore,
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λjxij + s−i = xio i = 1, 2, . . . , m,
n∑
j=1








λj = 1, (2)
where w−i and w+r are the user-specified weights; s
−
i is the ith input slack and s
+
r is the rth output
slack.
The above equations follow the variable returns to scale (VRS) model, which assumes that
production takes place with a disproportionate change in inputs and outputs.4 The scalar, ρ,


















The slack-based model is preferred to parametric estimation as the former deals with input excesses
and output shortfalls simultaneously rather than holding the input or output at a given level. This
approach should provide a better representation of banking operations in the real world, as banks
in practice are given a certain degree of control on both the input and output sides. In addition, the
non-parametric approach does not suffer from the functional misspecification of the parametric
method and hence is a valid way of generating estimates of the dependent variables for the
second-stage estimation (Chiu and Chen 2009).
The definitions of inputs and outputs for cost efficiency adopted in this study follow the interme-
diation approach proposed by Sealey and Lindley (1977), where banks are treated as intermediaries
that raise funds through deposit-taking and transform them into financial products such as loans
and investments. Hence, deposits are treated as one of the banks’inputs, along with bank expenses.
According to Berger and Humphrey (1997), this approach is appropriate for financial institutions
since it also takes interest expenses – which regularly account for between one-third and two-
thirds of banks’ total operating costs – into account. Casu and Molyneux (2003) suggest that this
technique is highly suitable for profitability analysis because banks focus not only on minimizing
factors of production, but also on financing costs such as interest on deposits.
Cost efficiency is defined here as minimizing the cost of producing financial outputs. The cost
elements are personnel, depreciation and interest expenses, while the major financial outputs
are loans and investments. Profit efficiency focuses on maximum profit, taking into account
cost minimization and revenue maximization. A broad notion of banking efficiency is therefore
facilitated via the determination of organizational performance and value. Following Avkiran
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and non-interest expenses. The vector outputs employed are interest income and non-interest
income. The efficiency scores for both cost and profit are generated using a single DEA estimation
based on unbalanced-panel data.
The efficiency score obtained from the DEA estimation is used as the dependent variable in
a Tobit regression that estimates the impact of OBS activities and risk exposures on cost and
profit efficiencies. The unbalanced-panel data approach is used for Tobit regression estimation as
follows:
Effjt = f (OBS, LR, CR, IR, SR, bank size, equity capital, GDP), (4)
Effijt = αit + β1 OBSjt + β2 LRjt + β3 CRjt + β4 SRjt + β5 IR + β7 sizeit + β8 ETAjt
+ β9 LnGDP/Capitajt + εjt ,
where Effjt refers to the average cost or profit efficiency score for commercial bank j at
time period t; OBSjt is the ratio of off-balance sheet activities to total assets for bank j at
time t; LRjt is the liquidity risk for bank j at time t; CRjt is the credit risk (ratio of non-
performing loans to total loans) for bank j at time t; SRjt is the solvency ratio z-scorejt =
(ROAjt + TotalEquityjt/TotalAssetjt)/σ (ROAjt) for bank j at time t; IRjt is the interest rate risk
(interest-sensitive assets − interest-sensitive liabilities) for bank j at time t; Sizejt is the bank size
(natural logarithm of total assets) for bank j at time t; ETAjt is the equity to total assets for bank
j at time t; LnGDP/Capitajt is the real GDP per capita (natural logarithm; 2000 = 100) for the
country of bank j at time t; and εit is the error term for bank j at time t.
In this study, OBS activities are used as a proxy for banks’ diversification. These activities are
argued in the bank efficiency literature to have a significant impact on performance. Nevertheless,
there are studies that treat OBS activities as a bank output (Rime and Stiroh 2003; Casu and
Girardone 2005; Sufian and Ibrahim 2005; Sufian and Habibullah 2009). This approach does not,
however, facilitate the determination of the extent to which OBS activities affect banks’efficiency
levels. Measuring this effect is crucial because OBS activities measure the assets or debts of the
banks generated by credit, loan commitments, securitization and derivative activities which do
not appear on the banks’ balance sheet (Casu and Girardone 2005). OBS activities are expected to
be positively related to banks’ efficiency levels if the activities facilitate hedging against banking
risk. Similarly, a negative relationship should be observed if the activities lead to higher risk in
banking operations.
Liquidity risk is expected to be positively correlated with bank efficiency levels as higher costs
and lower returns will be generated if banks’ portfolios consist of substantial amounts of liquid
assets (Chang and Chiu 2006). In contrast, the solvency ratio is expected to be positively related
to banking efficiency as it indicates a lower probability of default (Stiroh and Rumble 2006).
Both credit risk and interest rate risk are expected to be negatively related to banks’ efficiency
levels. Higher credit risk will reduce efficiency levels, as banks will incur higher expenses in
managing non-performing loans, thereby reducing profit-generating ability (Kwan and Eisenbeis
1997; Chang and Chiu 2006; Altunbas et al. 2007). Likewise, increases in interest rate risk,
measured as the gap between interest-sensitive assets and interest-sensitive liabilities, will reduce
efficiency levels as they will increase the cost of funds and reduce profits (Kwan and Eisenbeis
1997). Assets and liabilities with a duration of less than 6 months are used for the calculation
because these are the assets and liabilities most affected by movements in interest rates when
being reinvested upon maturity. Finally, the natural log of real GDP per capita (with base year
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unique regulatory framework and environment (Lozano-Vivas, Pastor, and Pastor 2002; Drake,
Hall, and Simper 2006).
To estimate the impact of OBS items and risk exposures on the inefficiency of each variable, the
slacks for each input and output are used as the dependent variables in the following unbalanced-
panel data regression model:
Sjt = f (OBS, LR, CR, IR, SR, bank size, equity capital, GDP),
Sjt = αit + β1 OBSjt + β2 LRjt + β3 CRjt + β4 SRjt + β5 IR + β7 sizeit + β8 ETAjt
+ β9 lnGDP/Capitajt + εjt , (5)
where Sjt refers to the input or output slacks for each commercial bank j at time period t; OBSjt is
the ratio of off-balance sheet activities to total assets for bank j at time t; LRjt is the liquidity risk
for bank j at time t; CRjt is the credit risk (ratio of non-performing loans to total loans) for bank j at
time t; SRjt is the solvency ratio z-scorejt = (ROAjt + TotalEquityjt/TotalAssetjt)/σ (ROAjt) for
bank j at time t; IRjt is the interest rate risk (interest-sensitive assets – interest-sensitive liabilities)
for bank j at time t; Sizejt is the bank size (natural logarithm of total assets) for bank j at time t;
ETAjt is the equity to total assets for bank j at time t; LnGDP/Capitajt is the real GDP per capita
(natural logarithm; 2000 = 100) for bank j at time t; and εit is the error term for bank j in time t.
The estimation of Equation (5) permits the identification of the impact of OBS and risk exposures
on the inefficiency of each variable; this in turn means that in the final stage of the analysis,
input and output slacks can be adjusted so as to eliminate the influence of OBS activities and
risk exposures on banks’ cost and profit efficiencies. This procedure therefore facilitates the
determination of the potential for improvement in efficiency scores.
Data and sample description
This study focuses on commercial banks operating in seven East Asian countries, namely China,
Hong Kong, Japan, Korea, Macau, Mongolia and Taiwan. The data set covers 230 commercial
banks5 between 2001 and 2008, yielding a sample of 1649 observations.6
The development of the traditional banking and OBS activities in the seven countries is presented
inTable 1.7 The table demonstrates that the amount of bank lending in these countries is particularly
volatile in the smaller markets of Macau and Mongolia, where the annual percentage growth
rates range from −4.21 to 48.91 and 23.93 to 134.97, respectively. Mongolia, where only seven
commercial banks operate, experienced a growth in bank lending of more than 50% in all but
one of the sample years. A high growth rate of lending activities signals the dependency of
commercial banks on lending activities; this might in turn reflect the relatively small size of the
banking industry in these countries. Notwithstanding this possibility, Table 1 illustrates that in all
the nations studied, irrespective of size, gross loan growth rates contracted in 2008, presumably
due to the effect of the global financial crisis.
Table 1 also details the growth in OBS activities in the East Asian region from 2002 onwards.
As with the loan data, there is evidence of substantial volatility in the data, with the pattern again
varying across nations. However, when the two data items in the table are compared, it is clear
that any empirical link is absent. For example, China and Hong Kong recorded loan growth of
less than 50% in each of the years 2002–2004, but OBS activities grew by more than 100% in
two of these years in both nations. There is, however, one common feature in the data, with 2008
showing the rate of growth in both OBS activities and gross loans falling in all seven nations as







































Table 1. The growth of gross loans and OBS activities in the sample nations.
China Hong Kong Japan Korea Macau Mongolia Taiwan
Year Gross loan OBS Gross loan OBS Gross loan OBS Gross loan OBS Gross loan OBS Gross loan OBS Gross loan OBS
2002 30.65 148.10 10.77 199.51 −3.55 −16.72 23.31 −86.02 −3.58 9.24 131.50 −111.10 0.05 44.03
2003 33.52 182.80 20.07 −17.75 1.07 22.79 9.89 −166.58 −2.29 19.70 134.97 40.62 4.45 30.03
2004 25.30 17.01 4.48 255.84 1.17 13.54 3.43 327.45 35.45 16.11 57.73 −24.19 7.07 5.35
2005 36.89 11.51 12.87 26.15 2.17 10.60 17.20 230.86 19.05 −69.44 118.66 11.46 14.39 29.10
2006 30.84 26.10 12.59 17.09 0.74 −24.51 38.87 43.37 31.01 40.47 23.93 26.82 15.93 1.25
2007 31.37 25.72 24.26 17.52 4.54 0.10 18.60 21.29 48.91 32.16 73.97 31.24 10.16 10.02
2008 19.34 16.31 9.85 −10.94 2.42 16.78 12.29 −26.83 21.48 21.15 58.15 −29.20 3.59 −13.76
Source: The authors’ calculations are based on the information provided in the IBCA Bankscope database.
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Results and discussion
Table 2 provides a summary of the cost and profit efficiencies of the commercial banks in the
selected countries in the East Asian region.
Inspection of the table reveals that banks in Macau and Mongolia were the most cost efficient
in the sample period of 2001–2008 with average efficiency scores of 95.92% and 95.78%, respec-
tively. However, commercial banks in Mongolia were the worst performers in terms of profit
efficiency, with an average figure of 56.43%. Such a pattern in results might reflect the relatively
small market size of the nation and the extent of banking competition in the country. However,
the evidence also indicates that most banks experienced a reduction in cost efficiency levels in
the year 2008 as the global financial crisis took effect. Commercial banks in China were the most
profit efficient, reflecting the underlying economic strength and scale efficiencies of the country.
More generally, it is noticeable from the average efficiency scores that commercial banks in the
region performed better in terms of cost efficiency than in terms of profit efficiency.
Table 3 provides the results of the Tobit fixed-effects8 panel data regression analysis; the model
uses the cost and profit efficiency scores from the DEA as the dependent variables in order to
analyse the impact of OBS and risk exposures on bank efficiency. The results given in the table
show that OBS items are negatively related to both cost and profit efficiencies, although to a
significant extent only in the former case.9 This finding suggests that banks’ engagement in OBS
activities in the East Asian region is costly and has a non-trivial impact on banking operations
in the nations concerned. The evidence is consistent with Hughes, Mester, and Moon (2001)’s
reporting of the diversification of US banks into non-traditional activities increasing the level
of institutional risk-taking, which in time leads to rises in (efficiency-damaging) management
costs. In addition, DeYoung and Roland (2001) point out that OBS products are prone to large
fluctuations in returns; this may explain the (weak) negative relationship existing between profit
efficiency and the sample banks’ OBS exposure.
Table 2. The summary of average cost and profit efficiency scores.
Country/year 2001 2002 2003 2004 2005 2006 2007 2008 Average
Cost efficiency
China 0.8563 0.8645 0.8185 0.8627 0.8635 0.9293 0.8970 0.9040 0.8745
Hong Kong 0.4699 0.5468 0.4412 0.4316 0.4334 0.5520 0.4541 0.4892 0.4773
Japan 0.8946 0.8904 0.8942 0.9117 0.9141 0.8814 0.9410 0.9142 0.9052
Korea 0.9168 0.9087 0.8892 0.8889 0.8944 0.8944 0.9088 0.8594 0.8951
Macau 0.9361 0.9694 0.9744 0.9557 0.9696 0.9590 0.9599 0.9492 0.9592
Mongolia 0.9562 0.9563 0.9602 0.9717 0.9799 0.9626 0.9530 0.9225 0.9578
Taiwan 0.9004 0.9076 0.8871 0.9037 0.8969 0.8708 0.9154 0.8912 0.8966
Profit efficiency
China 0.9282 0.7998 0.8033 0.6908 0.8107 0.8537 0.7976 0.7841 0.8085
Hong Kong 0.7951 0.7458 0.6970 0.8169 0.7509 0.7306 0.6603 0.6245 0.7276
Japan 0.8187 0.7549 0.7317 0.6690 0.6396 0.6129 0.7176 0.8209 0.7207
Korea 0.7326 0.6565 0.6017 0.7433 0.7118 0.6936 0.6186 0.6364 0.6743
Macau 0.7789 0.7263 0.6035 0.6088 0.7596 0.7028 0.6222 0.6019 0.6755
Mongolia 0.6565 0.5767 0.5595 0.5228 0.6306 0.5447 0.4895 0.5338 0.5643
Taiwan 0.5873 0.6551 0.6426 0.6253 0.6728 0.6284 0.5711 0.5946 0.6222
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Table 3. The fixed-effect Tobit estimation results.
Variable Cost efficiency score Profit efficiency score
OBS exposure −0.023 −0.019
(0.012) (0.018)
[−1.876]∗ [−1.073]
Credit risk 0.059 0.030
(0.058) (0.085)
[1.021] [0.356]
Liquidity ratio 0.073 −0.045
(0.043) (0.063)
[1.697]∗ [−0.712]
Solvency ratio 0.000 0.001
(0.000) (0.000)
[0.527] [3.987]∗∗∗












Variance disturbances 0.073 0.107
(0.001) (0.002)
[57.411]∗∗∗ [57.428]∗∗∗
Log likelihood ratio 1973.325 1338.202
Notes: The results of the Tobit fixed-effects panel data regression analysis are sum-
marized. The cost and profit efficiency scores from the DEA are the dependent
variables. Standard errors are given in parentheses and z-statistics in brackets.
∗Significance at the 10% level.
∗∗Significance at the 5% level.
∗∗∗Significance at the 1% level.
Liquidity risk is found to be positively related to cost efficiency at the 10% significance level;
in contrast, it is negatively related to profit efficiency, but not to a statistically significant degree.
The former result indicates that a higher proportion of liquid assets results in less costly asset
management for East Asian banks, reflecting lower transaction costs and protection costs, as per
Rao (2005). The evidence is also consistent with the study of Altunbas et al. (2007), which finds
that banks that are more liquid are more efficient in their production of outputs; higher liquidity
also implies a lower risk for the banks and, hence, greater cost efficiency as a result of lower risk
management costs (Gorton and Huang 2002).10
Inspection of Table 3 also reveals that the solvency ratio is strongly positively related to profit
efficiency. This result is consistent with the notion that the banks of the region are relatively
efficient, given a lower probability of default (where a higher solvency ratio indicates a lower
default risk). The findings suggest that stable and financially sound banks are able to generate
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Papanikolaou (2009). Interest sensitivity, which measures the ratio of interest-sensitive assets to
interest-sensitive liabilities, has a significantly negative influence on cost efficiency. Evidence
of this nature implies a link between relatively high interest sensitivity gaps and low efficiency
levels and in this regard is consistent with studies by Kwan and Eisenbeis (1997), Rao (2005) and
Papanikolaou (2009), which suggest that banks incur higher costs in managing their exposures for
assets which are sensitive to interest variability. As Papanikolaou (2009) notes, in such a scenario,
holding a significant amount of cash and short-term government securities reduces banks’earnings,
resulting in lower efficiency levels. In contrast, a positive relationship is found to exist between
bank size and both cost and profit efficiency levels, significant in the cost case. This finding is
consistent with the theoretical argument that larger banks are able to achieve greater economies of
scale and, hence, generate efficiency gains. The equity to capital ratio is positively related to both
cost and profit efficiency levels, significant at the 1% level for cost efficiency. This result supports
the arguments of Berger and DeYoung (1997), who suggest that higher capital ratios indicate
increased bank solvency and prudentiality, which in turn lead to reduced risk exposures, leverage
management costs and, hence, raised efficiency in the banking system. In contrast, real GDP per
capita is found to have a significant impact on both cost and profit efficiencies in the commercial
banking sector in East Asia, but in a positive direction in the former case and a negative direction
in the latter. According to Dietsch and Lozano-Vivas (2000), countries with higher per capital
incomes operate in a more mature and competitive pricing environment; therefore, banks have to
carefully monitor their costs in order to achieve the desired efficiency levels. Extant competitive
pricing strategies imply reductions in banks’ earnings power in the market, which in turn will
reduce profit efficiency.
To identify the influence of OBS items and the various types of risk exposures investigated in
Table 3, the estimates generated are used in the unbalanced-panel analysis of input and output
slacks. The results for the slack-based variables for cost and profit efficiencies are presented in
Tables 4 and 5, respectively. The Hausman test results given in the tables favour a fixed-effects
model for all the slack variables in both cases and so it is these results that are presented and
discussed.11
The results given in Table 4 document a significantly negative relationship between East Asian
banks’ OBS exposures and investment slack, suggesting that increases in the extent of OBS
activities in the region tend to reduce the latter. The banks concerned should thus be able to
utilize OBS activities to hedge against investment risk. The liquidity ratio variable is shown to
reduce four of the five slacks (capital, deposits, investment and loan), significantly in the last two
cases. This pattern in the evidence implies that bank liquidity has a key role to play in terms of
cost efficiency on both the input and output sides. Consistent with the evidence given in Table 3,
bank size has a significant positive impact on capital, deposit and loan slacks, suggesting that
banks operate with non-trivial levels of redundancy in both inputs and outputs when the scale of
operations increases. In contrast, equity to total assets is significantly negatively related to capital
slack values, suggesting that banks’ room for manoeuvre is greater when market sentiment is
relatively weak.
The findings given in Table 4 also indicate that higher levels of interest-sensitive assets help
banks to reduce deposits, investment and loan slacks significantly, suggesting in turn that banks
with higher levels of liquid assets should be able to reduce their exposures in these three areas. This
pattern may itself reflect banks’close monitoring of their exposures to interest rate movements and
ensuring that this takes place in the context of the need to control fluctuations in the interest paid
to deposit holders. Nevertheless, banks may have to closely monitor their interest expenses and
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Table 4. The unbalanced-panel data estimates for the input and output slacks in the cost efficiency model.
Labour slack Capital slack Deposits slack Investment slack Loan slack
OBS exposure −7.473 −289.431 −1127.862 −1275.624 326.420
(11.329) (297.243) (802.416) (500.535) (1068.623)
[−0.660] [−0.974] [−1.406] [−2.549]∗∗ [0.305]
Credit risk −58.982 −1594.761 4047.344 2554.422 7346.965
(53.849) (1412.877) (3814.107) (2379.181) (5079.461)
[−1.095] [−1.129] [1.061] [1.074] [1.446]
Liquidity ratio 23.008 −507.487 −424.608 −5112.895 −24914.187
(40.022) (1050.101) (2834.780) (1768.292) (3775.236)
[0.575] [−0.483] [−0.150] [−2.891]∗∗∗ [−6.599]∗∗∗
Solvency ratio −0.137 −6.422 −5.048 −0.302 15.941
(0.114) (3.000) (8.100) (5.052) (10.787)
[−1.196] [−2.140]∗∗ [−0.623] [−0.060] [1.478]
Interest sensitivity −13.384 88.152 −3164.530 −7120.070 −27774.924
(8.827) (231.610) (625.239) (390.014) (832.666)
[−1.516] [0.381] [−5.061]∗∗∗ [−18.256]∗∗∗ [−33.357]∗∗∗
Size −1.281 638.576 1018.634 −75.367 1903.710
(7.282) (191.058) (515.768) (321.728) (686.877)
[−0.176] [3.342]∗∗∗ [1.975]∗∗ [0.815] [2.772]∗∗∗
Equity to capital 0.203 −12.852 −25.196 17.993 −9.114
(0.228) (5.974) (16.126) (10.059) (21.476)
[0.889] [−2.151]∗∗ [−1.562] [1.789]∗ [−0.424]
LnGDP/Capita 19.685 3542.931 −1563.065 1784.640 1229.790
(16.848) (442.053) (1193.335) (744.384) (1589.231)
[1.168] [8.015]∗∗∗ [−1.310] [2.397]∗∗ [0.774]
Hausman test statistic 17.29∗∗ 62.73∗∗∗ 27.00∗∗∗ 297.69∗∗∗ 1106.26∗∗∗
Notes: The estimates of the impact of OBS items and risk exposures on the cost inefficiency of each variable where the
slacks are used as the dependent variables in panel data regressions are reported. Standard errors are given in parentheses
and z-statistics in brackets.
∗Significance at the 10% level.
∗∗Significance at the 5% level.
∗∗∗Significance at the 1% level.
latter conclusion follows from the evidence whereby interest expenses and non-interest income
slacks are found to increase with the interest sensitivity gap, indicating that banks in East Asia
are relatively poor at managing interest-sensitive expenses and (the eventual effect of these on)
efficiency.
The results given in Table 5 regarding profit efficiency indicate that the influence of OBS and
risk items is more pervasive than that in the case of cost efficiency, with half of the 32 coefficients
attaining statistical significance compared with only 14 of 40 in Table 4. While in some cases
the results shown in Table 5 are similar to those documented for cost efficiency – notably for the
size variable where three strongly positive results are generated in both analyses – in the case
of credit risk there is a marked difference in the evidence with the variable having a significant
negative coefficient in the profit efficiency model with both the non-interest expenses and non-
interest income slacks. This finding suggests that East Asian banks need to control closely their
operating expenses and any involvement in fee-based activities as they are faced with a relatively
high probability of default; this is in turn potentially a ‘good’ result, in that it points to operational
caution as attempts are made to improve market credibility. On the other hand, inspection of
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Table 5. The unbalanced-panel data estimates for the input and output slacks in the profit efficiency model.
Interest expenses Non-interest expenses Interest income Non-interest income
slack slack slack slack
OBS exposure 51.682 −24.753 −15.198 1701.021
(30.110) (84.500) (35.895) (2111.890)
[1.716]∗ [−0.293] [−0.423] [0.805]
Credit risk 176.006 −708.638 75.673 −26204.660
(143.181) (401.824) (170.691) (10042.718)
[1.229] [−1.764]∗ [0.443] [−2.609]∗∗∗
Liquidity ratio 84.126 −209.215 236.850 6946.876
(106.320) (298.378) (126.748) (7457.293)
[0.791] [−0.701] [1.869]∗ [0.932]
Solvency ratio −1.065 −0.357 0.230 −88.279
(0.304) (0.853) (0.362) (21.326)
[−3.504]∗∗∗ [−0.419] [0.633] [−4.139]∗∗∗
Interest sensitivity 79.602 −4.920 20.036 7385.115
(23.471) (65.871) (27.981) (1646.293)
[3.391]∗∗∗ [−0.075] [0.716] [4.486]∗∗∗
Size 83.718 −113.832 100.373 7742.383
(19.359) (54.329) (23.078) (1357.832)
[4.325]∗∗∗ [−2.095]∗∗ [4.349]∗∗∗ [5.702]∗∗∗
Equity to total asset 0.358 −0.987 −1.005 3.510
(0.605) (1.699) (0.722) (42.461)
[0.592] [−0.581] [−1.393] [0.083]
LnGDP/Capita 290.772 391.808 127.793 35084.382
(44.798) (125.721) (53.405) (3142.116)
[6.491]∗∗∗ [3.116]∗∗∗ [2.393]∗∗ [11.166]∗∗∗
Hausman test statistic 99.81∗∗∗ 209.87∗∗∗ 65.84∗∗∗ 720.80∗∗∗
Notes: The estimates of the impact of OBS items and risk exposures on the profit inefficiency of each variable where the
slacks are used as the dependent variables in panel data regressions are reported. Standard errors are given in parentheses
and z-statistics in brackets.
∗Significance at the 10% level.
∗∗Significance at the 5% level.
∗∗∗Significance at the 1% level.
and non-interest income slack in the banks. Hence, banks might need heightened awareness of
the danger of fixing asset values too strongly to movements in interest rates. This potentially
serves as a warning against bank complacency in managing interest expenses and non-interest
income in the context of high earnings from interest-sensitive assets. Solvency ratio is negatively
related to interest expenses and non-interest income slack, indicating that banks with a relatively
low probability of default could make changes to operations and thereby raise their efficiency
level. Finally in terms of Tables 4 and 5, real GDP per capita increases the investment and
capital slacks on the cost side, as well as all the variables used by the banks in generating profit.
This evidence suggests that in a more mature economic and competitive pricing environment,
East Asian commercial banks would have to carefully monitor their input and output levels
in order to achieve higher profit efficiency in an environment where market earnings power is
deteriorating.
The next stage of the analysis involves the slack variables being adjusted on the basis of the
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Table 6. The descriptive statistics on cost and profit efficiency estimation before and after adjustment.
Cost efficiency Profit efficiency
Before adjustment After adjustment Before adjustment After adjustment
Percentage of efficient banks 18.20 36.77 10.49 11.58
Mean 0.851 0.890 0.719 0.805
Standard deviation 0.201 0.191 0.169 0.155
Minimum 0.054 0.055 0.170 0.203
Maximum 1 1 1 1
Count 1648 1648 1649 1649
Note: The descriptive statistics regarding the cost and profit efficiencies in the sample before and after the slack-based
adjustments are reported.
exposure to risks and OBS activities are invariant. The estimated cost and profit efficiency scores
before and after adjustment are given in Table 6.
Inspection of the results given in Table 6 reveals that 18.57% (i.e. the difference in before-and
after-adjustment efficient percentages) of the sample could further improve their cost efficiency
after adjusting the slack variables on the basis of the relationship of the latter with the OBS
Table 7. t-test of the mean efficiency scores before and after adjustments.






Hypothesized mean difference 0.000
Df 1647
t–stat −26.997
P(T ≤ t) one-tailed 0.000
t-critical one-tailed 1.646







Hypothesized mean difference 0.000
Df 1648
t–stat −34.828
P(T ≤ t) one-tailed 0.000
t-critical one-tailed 1.646
P(T ≤ t) two-tailed 0.000
t-critical two-tailed 1.961
Note: The parameters and results of t-tests comparing the mean cost and profit
efficiency scores before and after the slack-based adjustments are reported.
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and risk factors. In contrast, the evidence suggests that only 1.09% of the sample could improve
profit efficiency on a similar basis. Table 7 documents the results of two-sample t-tests relating
to the changes in mean efficiency scores before and after the adjustment process. The results
confirm that both the cost efficiency (with a rise in mean of 3.9%) and profit efficiency (rise in
mean of 8.6%) scores differ significantly before and after the adjustment for risk factors on two-
tailed and one-tailed bases. In other words, even if banks are invariant in terms of OBS and risk
factors, significant improvements in efficiency can be achieved via adjustments to the slack-based
measures identified here. It is evident from both Tables 6 and 7 that the commercial banks in East
Asia are more cost efficient than profit efficient; the percentages and means are higher for the
former group both before and after the adjustments. Nevertheless, the standard deviation is higher
for the cost efficiency scores, suggesting that banks’ performance in these terms is relatively
unstable and that bank operating costs are more prone to OBS exposures and risk factors than to
revenue-generating components.
Conclusions
This study has investigated the effect of OBS activities and various types of risks on the cost
and profit efficiencies of commercial banks in East Asia for the period 2001–2008. To achieve
the aims of the study, cost and profit efficiency scores were estimated using the DEA approach
and these were then employed in Tobit models that explored the effect of OBS activities and risk
exposures on cost and profit efficiencies while controlling for bank size and capital. The analysis
of input and output slacks was then used to identify the extent to which their adjustment could be
used to improve banks’ efficiency scores.
The results indicate that OBS activities and risk factors affect East Asian banks’ cost and
profit efficiency levels in a number of substantive and identifiable ways. The findings in this
regard are consistent with studies of earlier time periods by Berger and DeYoung (1997), Kwan
and Eisenbeis (1997), Altunbas et al. (2000), Williams (2004), Rao (2005), Chang and Chiu
(2006), Altunbas et al. (2007), Pasiouras (2008), Papanikolaou (2009), Murinde and Zhao (2009),
and Fiordelisi, Marques-Ibanez, and Molyneux (2011). One finding worth reiterating given the
current financial climate relates to the negative relationship evident between the extent of banks’
engagement in OBS activities and cost efficiency; we would suggest, given this result, that the
relevant regulatory authorities should carefully regulate banks’ involvement in such activities
in order to limit the likelihood of any future global crisis having a devastating impact on the
organizations (and ultimately the wider economies) concerned.
Other important implications of the detailed results in the context of the on-going difficulties
in global market sentiment relate to the finding of liquidity risk being positively related to cost
efficiency (supporting Rao 2005; Altunbas et al. 2007; Papanikolaou 2009). This evidence has
obvious implications for post-crisis attempts to establish meaningful liquidity targets for financial
institutions; the non-trivial nature of the relationship might usefully be factored into (at the very
least) regional decision-making in this regard. The investigation revealed other strong influences
on cost efficiency, including interest sensitivity, bank size, equity to total assets and real GDP per
capita, as well as yielding evidence that profit efficiency is significantly affected by solvency, sug-
gesting that East Asian banks’efficiency levels can be linked formally to a number of measureable
variables and should be viewed in such a way by the organizations concerned.
The analysis of a range of nine slack measures revealed a pervasive link between these and
several of the variables employed in the Tobit model, in both the cost and profit efficiency cases.


































1130 S.G. Chan et al.
cost efficiency levels via adjustment of slack variables that takes into account their relationship
with OBS and risks factors. This proportion represents a doubling of the observed cost-efficient
percentage in the sample; in contrast, similar adjustments would lead to a potential increase of
only around 10% in the equivalent profit-efficient percentage. These particular findings should
again be of interest to bank regulators in East Asia tasked with improving bank efficiency in the
most effective manner.
This study used an envelopment and slack-based model based on the DEA approach to estimat-
ing banks’ cost and profit efficiencies. The envelopment model was used because of the unavail-
ability of output price data for most of the banks in the East Asian countries, data that are needed
to estimate the standard profit efficiency model. Hence, we suggest that future research usefully
examine the latter by including both input and output prices, an approach which would provide
a better basis for comparison with the conventional data envelopment model. In addition, future
research might consider the inclusion of additional risk factors such as banking risk and country
risk in determining the performance of commercial banks in the East Asian region and beyond.
Notes
1. Bongini, Laeven, and Majnoni (2002) explore the role of various types of publically available data as ex ante predictors
of Asian bank fragility around the time of the crisis, but report that none of the information was able to improve upon
the ex post use of historical financial statement-based data.
2. Rao suggests that a lower liquidity risk results in higher efficiency as it is less costly for banks to handle liquid assets.
3. Leightner also finds strong economies of scale and argues that the finance and security companies of Thailand are
too small to compete with the larger banks.
4. The VRS model is a better representation of efficiency analysis under the assumption that output levels cannot be
reduced proportionately with input levels (Banker, Charnes, and Cooper 1984).
5. Appendix 1 details bank numbers across individual countries.
6. All the data employed in the study are extracted from banks’ annual reports as detailed in the IBCA Bankscope
database. The data set takes the form of an unbalanced panel because of data availability.
7. No data are given in Table 1 for 2001 as this is the start of the sample period; the first growth period is 2001–2002,
presented in the table as the data for 2002.
8. The choice between a random-effects model and a fixed-effects model was based on the Hausman test. The null
hypothesis for the Hausman test assumes that the individual effects are uncorrelated with the regressors in the
estimated model (Hausman 1978). A significant value of the Hausman test statistic favours a fixed-effects model, as
a random-effects model will result in biased estimators in such a situation.
9. The consistency of this result was tested by removing countries with the smallest sample sizes (Mongolia and Macau)
and re-performing the analysis, but there were no statistically significant differences in the results. The detailed
findings are available from the authors upon request.
10. The result is also consistent with that reported by Papanikolaou (2009).
11. The results based on the random-effects models are available from the authors upon request.
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Appendix 1. Commercial bank numbers across sample countries
Country Number of commercial banks
China 39
Hong Kong 32
Japan 94
South Korea 14
Macau 7
Mongolia 4
Taiwan 40
Total 230
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